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BIOLOGICAL BULLETIN 


THE BEHAVIOR AMEBA TOWARD FRAGMENTS 
GLASS AND CARBON AND OTHER INDIGESTIBLE 
SUBSTANCES, AND TOWARD SOME VERY SOLUBLE 


SUBSTANCES. 
SCHAEFFER, 


LABORATORY, UNIVERSITY TENNESSEE. 


Reactions Chemically Insoluble Indigestible Substances................. 304 
Reactions Very Soluble Digestible 315 
INTRODUCTION. 


The experiments recorded this paper were carried out 
order come step closer understanding the nature the 
stimulus which, emanating from insoluble particle such 
ovalbumin, zein, lactalbumin, results ameba moving 
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toward that particle. pointed out previous paper 
(Schaeffer, which the reactions ameba toward proteins 
are recorded, these isolated proteins, although insoluble enough 
satisfy the practical chemist that they may classed 
‘insoluble,’ may nevertheless undergo inappreciable amount 
solution sufficient stimulate ameba’s sense organs. 
There however direct means knowing that such solution 
takes place; nothing more than possibility. has 
seemed practicable therefore let the investigation the be- 
havior toward isolated insoluble proteins stand for the present, and 
test the reactions ameba toward some the purest and most 
insoluble substances known determine whether necessary 
that substance soluble order that ameba may sense 
distance. addition these tests, number experi- 
ments were also made with very soluble substances and with 
solutions. 

The main conclusions this paper are based the reactions 
toward carbon, glass, tyrosin and peptone. sufficient number 
experiments with these substances are described and figured, 
trust, illustrate, not prove, the conclusions. But 
addition these, one more typical experiments with each 
one various other substances have been figured support 
the conclusion that the behavior toward the substances specified 
above not directly dependent upon the chemical nature the 
substances, but upon their more generalized physical properties. 


REACTIONS CHEMICALLY INSOLUBLE INDIGESTIBLE 
SUBSTANCES. 


Carbon.—This substance was prepared follows. India ink 
stick form was boiled xylol until the xylol remained clear. 
The residue was washed chloroform and then boiled sul- 
phuric acid, then filtered and washed with distilled water. The 
residue was then boiled potassium hydroxide solution. After 
acidifying, the carbon was filtered and washed with distilled 
water acidified with hydrochloric acid. The carbon was then 
dried and heated redness for fifteen minutes closed 
platinum crucible. This method purification should have 


removed all the soluble constituents present with the carbon 
the india ink. 
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Although carbon thus prepared quite insoluble, not 
inert, for carbon has the property adsorbing certain gases 
from the surrounding medium. order render this action 
ineffective possible the sense organs the ameba, the 
carbon grains, which will remembered were all cases 
microscopic, were immersed the water which the ameba was, 
thirty minutes before being brought near the ameba. 
believed that this period immersion permitted the adsorptive 
and diffusive processes come near possible 
equilibrium. 

grain pure carbon was placed the path granular* 
ameba (Fig. 42, Plate I.). the ameba moved forward 
turned the right, but after passing the carbon turned the 
left. After coming into contact with the carbon pseudopod 
was thrown out the right through which the ameba moved 
away. The same piece carbon was again laid before the 
ameba—47—but the behavior was indefinite. 

Several experiments were made granular ameba from 
another culture. grain carbon which was laid its path 
produced mild positive reaction: the partial encircling the 
carbon—183-188. The carbon grain was then shifted but the 
commotion caused moving led the ameba react nega- 
tively. The carbon was shifted again, producing finally mild 
positive reaction. When the carbon was shifted again—189— 
the ameba turned the right. passed the carbon, 
about twenty microns, two little pseudopods were sent out the 
region the carbon, one which was headed directly toward 
the carbon. ameba moved directly into contact with the 
carbon, and then moved through that 

the path another granular ameba was placed grain 
The ameba moved straight forward, passing 
the carbon the right. When the ameba was about half past 
the carbon numerous pseudopods began make their appearance 
both sides the ameba, before the ameba had come into 


1See paper pp. 533-536, where the granular and raptorial forms 
amebas are described. After this paper was manuscript the specific identity 
the amebas was specially examined. The granular’ amebas were two species: 
Ameba and discoides. The ‘raptorial’ were the species dubia. 
See paper Science, '16, vol. 44, pp. 
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contact with the carbon. The ameba came into contact with 
the carbon later but the direction movement was not that 
account changed. Although the stimulus from the carbon grain 
was localized yet the resulting change behavior involved the 
whole ameba, for broke into number pseudopods 
which those the right side the ameba had course 
direct relation whatever with the carbon grain. The meaning 
these pseudopods the right obscure, though pseudopods 
are frequently formed this way under such 
surrounded this experiment. Orderly movement clavate form 
was disturbed the sensing the carbon grain, but after the 
was left behind, orderly movement was again 
resumed. should noted especially that pseudopod was 
formed the right side directly opposite the carbon. This 
phenomenon frequently observed ameban behavior. 
number cases are described previous paper (Schaeffer, 
See also Fig. 224 this paper. Throughout the whole 
experiment the general direction motion was not changed, but 
could not predicted from Fig. 259 what direction the 
ameba was then going move. This experiment very 
good example the phenomenon functional inertia (Schaeffer, 
direction which started move—about which shall have 
more say later. 

grain carbon was placed the path raptorial (see 
footnote, 305) The ameba moved into contact 
with the carbon, then forked and moved through the right 
prong. The carbon grain was then shifted that lay the 
right the ameba’s path—220. The ameba moved forward, 
turning away from the carbon first, but later side pseudopod 
was sent out directly toward it. When the ameba was about 
forty microns from the carbon another pseudopod, further an- 
terior, was also sent out toward the carbon. The posterior 
pseudopod was the first one come into contact with the carbon, 
and continued moving forward, pushed the carbon grain 
along. The anterior pseudopod moved into contact with the 
carbon. pseudopod directly opposite the anterior one enlarged 
and carried the ameba away. Both pseudopods extended toward 
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the carbon were retracted the ameba moved away through 
the pseudopod which had been forming the opposite side. 
Some time later another grain carbon was laid the ameba’s 
path—226. pseudopods were formed the right, through 
the anterior one which the ameba moved away, disturbed 
probably the commotion caused placing the carbon the 
ameba’s path. The same piece carbon was again laid ahead 
the ameba—230. The ameba first turned away from the 
232—but later turned toward it—233. pseudo- 
pod was then sent out toward the carbon until came into 
contact with the then was retracted and the 
ameba moved off, directly away from the carbon—239. few 
minutes later new piece carbon was laid the ameba’s 
path some distance ahead—240. The ameba then broke 
into several pseudopods, but finally moved ahead short distance 
through the main pseudopod. pseudopod was then sent out 
the right, which moved into contact with the test substance 
and apparently ingested typical food cup. The ameba 
kept moving forward, and two minutes after apparent inges- 
tion the carbon was left behind. (The curved leader line 
straightened out, the measure the distance the ameba 
moved away straight course from the carbon grain.) The 
same piece carbon was again laid ahead the ameba—264. 
the ameba moved forward turried the left and away from 
the carbon, but passed the carbon two pseudopods were 
sent out toward it—267. The posterior one came into contact 
with the carbon, moved over it, and spread out; but 
attempt ingestion was made. The pseudopod forked and the 
ameba moved along the left prong. new piece carbon was 
then laid the left the ameba’s path—271. the ameba 
moved forward, pair side pseudopods which were begun 
simultaneously opposite sides—274—continued enlarge 
until the one the left began flow over the carbon. Then 
the right was retracted and the ameba flowed 
away through the pseudopod extended over the carbon. 

summarize the behavior toward carbon: The most striking 
feature the behavior toward pure carbon that the ameba can 
sense this substance distance least forty microns. 
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course not surprising that soluble objects should thus 
sensed, but the sensing absolutely insoluble substance 
distance unique among eyeless animals. possible that 
the carbon grains acted permanent centers diffusion 
gases adsorbed previously, adsorption gases dissolved 
the water, and may have produced differences their dis- 
tribution the water. these differences distribution 
gases are assumed come within sensing range the ameba, 
then one could understand the observed behavior. believe 
however that the gas adsorptive qualities carbon not 
themselves constitute the stimuli which ameba reacts when 
comes near the carbon; for glass, which not supposed 
adsorb gases the same extent carbon, stimulates ameba 
similar manner and quite markedly. 

Practically all the behavior toward carbon positive. The 
negative behavior observed was due the commotion produced 
placing the carbon position. most cases the pseudopod 
which was sent out the source the stimulus, was retracted 
after had come into contact with the carbon, but some cases 
the ameba flowed through such exploring pseudopod. 
Only one case was ingestion attempted. That real case 
partial ingestion shown the fact that the process was 
incomplete; for the initial stimulus had come from un- 
observed small flagellate, for example, the carbon grain, 
fairly certain that the ingesting process would have been com- 
pleted. reasonable suppose that the stimuli causing 
partial ingestion came from the carbon grain. 

Both granular and raptorial amebas react carbon 
distance. The raptorial seem attracted somewhat more 
strongly than the granular. 

Glass.—Although glass complex substance and very 
slightly soluble, neither these properties themselves play 
part the stimuli received amebas; for the fragments 
glass were taken, nearly every case, from the dish slide 
which they and the amebas were later placed experimenting. 
The effect its solubility may therefore thought have been 


cancelled physiologically the solubility the glass surface 
which lay. 


7 
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The glass dishes and the fragments were all carefully cleaned 
before using. The glass fragments were powdered glass 
mortar and then washed. fluid was carefully filtered, 
and the amebas were transferred through several washes 
filtered culture solution. 

fragment glass was placed near raptorial ameba—125. 
the main pseudopod moved forward forked, the left limb 
moving toward the glass—126, 127. The right pseudopod moved 
for short distance, then turned sharply toward the left and 
moved into contact with the The right limb 
was then withdrawn and the ameba moved off through the left. 
The glass seems have been sensed distance about 
few minutes later new fragment glass was laid the ameba’s 
path—133. The ameba first turned the right, but little 
later pseudopod was sent out the left which moved almost 
into contact with the glass, but was then 
The main pseudopod broke into three pseudopods, one 
which moved short distance toward the glass and was then 
retracted. The pseudopod the right, which with the left 
one already mentioned formed pair opposite pseudopods, 
then became the main pseudopod through which the ameba 
moved away. There doubt that the ameba received 
stimuli proceeding from the glass; the formation the pair 
opposite pseudopods shows it, does also the retraction the 
left pseudopod before the glass was reached. The same piece 
glass was again laid the ameba’s path—141. The ameba 
moved toward short distance, then turned slightly the 
right and moved When the tip the main 
pseudopod was even with the glass fragment, side pseudopod 
was sent out toward the glass and into contact with it—145, 146. 
The tip the main pseudopod also turned over toward the glass 
and then moved into contact with it. Both pseudopods were 
then withdrawn while the ameba moved off through pseudopod 
the right. The ameba sensed the glass Fig. 142 distance 
over sixty microns. The same piece glass was then shifted 
—149. The ameba moved directly forward within about 
forty microns the glass, when the tip the pseudopod spread 
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out and later forked and flowed under the glass fragment. 
The same piece glass was again laid before the ameba, but 
the behavior does not show definitely that the glass was sensed 
distance. The same piece glass was then shifted and 
again laid the left the ameba’s path—160. The ameba 
moved forward short distance, then sent out pseudopod 
the left directly toward the glass—162. The pseudopod was 
called forth doubtless the agitation the needle placing 
the glass position, for hungry raptorial amebas are readily 
thus stimulated. But the glass was actually sensed Figs. 
163 and 164, for the pseudopod directed slightly the right 
the glass turned directly toward the glass. After 
coming into contact with the glass pseudopod was formed 
the convex side the main pseudopod, region especially favor- 
able the formation new pseudopods, through which the 
ameba moved away. new piece glass was then laid before 
the ameba—168. pseudopod was thrown out the right 
through which the ameba moved This pseudopod 
turned strongly the left toward the glass. When about eighty 
microns from the glass—172—a pair opposite pseudopods 
were formed near the tip the main pseudopod. The left 
member this pair pseudopods moved directly toward the 
glass. When almost contact with the glass this pseudopod 
was retracted—173. The ameba moved away through the main 
pseudopod. The same piece glass was again laid before the 
ameba—175. The ameba moved toward short distance, 
when pair opposite pseudopods were formed near the tip 
the main pseudopod—177, 178. the ameba moved past 
the glass, another pair opposite pseudopods were formed 
near the tip the main Neither these 
pseudopods moved far before they were retracted—179, 180. 
Before the ameba moved out sensing distance the glass, 
turned strongly the left and encircled the glass through 180° 
distance about sixty microns. Two pseudopods, soon 
retracted, were formed the convex side the ameba 
during the latter stage the encircling reaction—181, 182. 

small fragment glass was laid the path granular 
ameba—194. The ameba broke into several pseudopods, 
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which the left member the middle pair became the main 
pseudopod. this one moved forward with the glass particle 
its right, pseudopod which appeared its right, enlarged 
and moved directly into contact with the glass—197, 198. When 
the pseudopod came into contact with the glass, streaming be- 
came more rapid and the ameba flowed over the glass particle 
and moved away. 

summarize: The behavior ameba toward glass fragments, 
under the conditions above outlined, demonstrates even more 
clearly than the reactions toward pure carbon, that insoluble 
objects can sensed distance. The maximum distance 
which glass can sensed, demonstrated experiment, 
about sixty microns, though probable that several the 
experiments the amebas sensed the glass particles 100 microns. 
The ameba does not always react positively when glass sensed, 
but positive behavior much more frequent than negative. 
Although the ameba starts moving toward the glass particle 
almost all cases, sometimes reverses the direction motion 
when almost contact with it. most cases however the 
ameba continues moving until comes into contact with the 
glass, and then the behavior becomes more less indifferent. 
attempt was made eat particles glass. 

grain Merck’s purified graphite was laid 
the path granular The ameba turned the 
right and moved directly toward the graphite until came within 
about fifteen microns the object, when protoplasmic streaming 
was interrupted for instant and then directed upwards and 
away from the The piece graphite was 
then shifted—210. The ameba turned the right and away 
from the graphite, but pseudopod which was then sent out 
the convex side elongated and became the main pseudopod 
until came into contact with the graphite (the contact stage 
not figured)—214, 215. was then slowly retracted the 
previous main pseudopod became active again and led the ameba 
away. The precision the reaction indicates that the graphite 
was sensed distance least sixty microns. 

The effect graphite the reactions ameba similar 
that produced glass. Graphite usually positive 
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reaction. case was ingestion attempted. The solubility 
graphite was not tested me. 

Silicic Pure, Wet Process. small grain 
silicic acid was laid the path granular 
The ameba moved forward short distance—within about forty 
microns the silicic acid—then swelled the anterior end 
and finally sent out pseudopod the left through which the 
ameba moved off. new grain silicic acid was then encoun- 
tered—314. The ameba moved directly into contact with 
the side. The ameba then moved off through pseudopod 
sent out posterior the test new grain 
silicic acid was then laid the ameba’s path—322. After mov- 
ing toward short distance—until within about thirty-five 
microns the acids—323, ameba moved away through 
pseudopod thrown out the left. Another new grain silicic 
acid was then laid front the ameba—328. The ameba 
moved forward within sixty-five microns the acid, then 
moved off through pseudopod thrown out the left. 

Silicic acid sensed distance like carbon, glass and 
graphite, but with the ameba used the experiments recorded 
above, the behavior was nearly always negative. Owing 
incomplete knowledge concerning the purity this substance, 
not clear what the meaning the preponderance nega- 
tive behavior the reactions this ameba. The negative 
tendency cannot have been due lack hunger however for 
grain globulin was readily eaten few minutes later. 

Hematin.—Merck’s, according Nencki. This compound 
results from the decomposition hemoglobin, and very rich 
iron. The black produced the malarial organ- 
ism supposed hematin, and said have toxic effect 
the human body. The following experiment typical 
the behavior ameba toward hematin. grain hematin 
was placed the path granular ameba—28. the ameba 
passed the right distance about forty microns, several 
small pseudopods were sent out but none them came into 
contact with the hematin. 

Hematin seems call forth about the same behavior glass 
carbon; perhaps the positive reactions are not quite decided. 
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Hematin not toxic the ameba; when eaten with food 
materials may remain the ameba for many hours without 
producing any ill effect. 

Indigotin.—Merck’s reagent, indigo blue. the left the 
path granular ameba was placed grain indigotin—278. 
The ameba moved forward until the tip the main pseudopod 
was past the test object—279. pseudopod was then sent out 
the left, which moved into contact with 281. the 
ameba moved forward, moved out contact with the indigotin. 
small pseudopod which was sent out into contact with the 
indigotin from the mid-region the ameba—283—remained 
contact with the test substance for few minutes while the ameba 
moved on, but was finally pulled away. 

Ameba reacts more decidedly positively indigotin than 
hematin, glass, carbon. case however was ingestion 
attempted. 

Cholesterin.—Eimer and Amend’s. the path active 
granular ameba with many pseudopods, was placed grain 
cholesterin—35. the ameba moved forward two pseudopods 
were sent out toward the cholesterin—37—but only one them 
came into contact with it. The ameba moved off through 
pseudopod thrown out the right, leaving the cholesterin 
behind. 

far experiments go, appears that cholesterin 
belongs the same class carbon, glass, etc. attempt 
ingestion made. Cholesterin sensed distance least 
fifty microns. 

Starch Grains from Commercial. grain 
arrowroot starch was placed the path three-pronged 
raptorial ameba—288. The ameba moved forward through the 
middle pseudopod directly into contact with the starch grain 
and then passed on, the right, after forming and retracting 
two pseudopods the left. The ameba then happened 
move toward another mass arrowroot starch—294. When 
the ameba came within about thirty microns the starch, 
withdrew from the starch and moved forward the right— 
296—but the pseudopod lying nearer the starch became the 
main pseudopod—297. When the tip the main pseudopod 
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had passed beyond the starch—298—two side pseudopods were 
thrown out toward the starch—299—the anterior one which 
came into contact with it—300. Both the side pseudopods were 
retracted the ameba started flow away through the vestige 
former pseudopod shown Fig. 296 with the arrow. While 
moving forward the ameba passed another mass starch grains 
without reaction. grain globulin was then ingested but 
was excreted few minutes later. 

Arrowroot starch grains are sensed distance and usually 
induce positive behavior. The reactions are more decidedly 
positive than those induced glass carbon, but attempt 
ingestion was observed. number experiments with corn- 
starch produced essentially the same results those with arrow- 
root starch. 

Lead and Pure Yellow Lead Oxide. 
raptorial ameba was isolated and small mass lead oxide 
placed its path—473. the ameba moved forward turned 
toward the oxide—475, 476—showing that this material may 
sensed distance least forty microns. After the ameba 
came into contact with the oxide small pseudopod was thrown 
out posterior it—479. The oxide was partially surrounded 
and the behavior suggested the first stage ingestion, but the 
ameba moved leaving the oxide finally behind—484. new 
mass oxide was then placed before the ameba—485. The 
ameba moved directly forward into contact with the oxide, and 
there was observed again what seemed like the initial stages 
ingestion—487. ameba then broke into several pseudo- 
pods—488. food cup was formed between the two pseudopods 
the left, but nothing could observed it. probable 
that the presence the lead oxide was the cause the formation 
the empty food cup. The ameba finally moved leaving 
the oxide behind. piece globulin which was then laid 
before the ameba remained uningested perhaps because the 
just previous disagreeable effect the lead oxide. Several 
essentially similar instances are recorded previous papers 
cited above. new mass lead oxide was then placed the 
path another granular ameba—491. The ameba moved for- 
ward short distance then turned to. the right—492. The 
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ameba then broke into four pseudopods, two which were 
directed toward the oxide—494. The ameba moved off the 
right without further reaction toward the oxide. 

Lead oxide induces strongly positive behavior raptorial 
amebas. Not only are the amebas induced move toward this 
substance, but occasionally the initial stages ingestion seem 
called forth it. this respect lead oxide stands on.a 
level with, some food substances such zein oval- 
bumin. strong contrast the behavior raptorial amebas 
toward lead oxide that the granular amebas. 
negative behavior nearly always produced this substance. 
Why there should this difference not clear. The solubility 
this substance was not tested me. 

Among other insoluble substances that were used these 
experiments iron. This metal cannot 
pure and also undergoes chemical action the water. Par- 
ticles were agitated means electromagnet beneath 
the stage the microscope, but the apparatus was rather crude 
and definite results were obtained. 


REACTIONS VERY SOLUBLE DIGESTIBLE SUBSTANCES. 


Substances belonging this class, such gelatine and tyrosin, 
are much less satisfactory work with than those substances 
that are insoluble, only very slightly soluble; for the stimuli 
proceeding from very soluble substances cannot definitely 
localized, and the behavior often appears uncertain. result- 
ing behavior consequently difficult Notwithstand- 
ing these objections, experiments which very soluble substances 
may used are value order learn general way what 
effect the degree solubility may have ameba. 

Tyrosin.—The product used bore Merck’s guarantee purity. 
mass tyrosin thirty microns diameter dissolves water 
about ten minutes. grain tyrosin was placed the path 
granular ameba—6. The ameba turned the right and 
moved on, avoiding the tyrosin. new grain tyrosin was 
then laid the ameba’s path and negative behavior again 
third grain tyrosin was then presented—13 
—and the ameba moved past with apparent indifference, 
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grain globulin which was next presented was, after some 
uncertainty behavior, finally ingested food cup pointing 
upwards.) few minutes after the globulin was ingested another 
grain tyrosin was laid the ameba’s path—18. The ameba 
moved into contact with and then ingested while moving 
over it. period rest ensued. Another grain tyrosin 
was then laid little the right the path, but before 
coming quite into contact with it, the ameba moved away 
the left. 

This series experiments shows very well the effect previous 
behavior upon closely following reaction. First, two trials 
with tyrosin produced negative behavior. The third trial re- 
sulted indifferent behavior, doubtless because was the third 
time the test substance had been encountered. The ameba was 
long time eating grain globulin which was next presented, 
and first the ameba reacted indifferently toward it. 
more than likely that the previous experience with tyrosin 
developed this condition indifference the ameba. But this 
condition was entirely overcome the reactions involved 
eating the globulin, for when the next grain tyrosin was pre- 
sented, was ingested. Thus the effect previous behavior 
influenced the ameba’s succeeding reactions more than the nature 
the stimuli received these reactions. But the newly created 
tendency positive behavior was short duration, for when 
another grain tyrosin was presented only mild positive be- 
havior, followed avoidance, was observed. 

tyrosin grain was placed the path another granular 
ameba—51. Very remarkable behavior followed. The ameba 
moved forward into contact with and then proceeded flow 
over it. When the anterior end lay over the tyrosin, formed 
itself into inverted shallow cup over the tyrosin—55. But 
sooner was the food cup formed and ready close over 
the tyrosin than the anterior end was lifted up, away from the 
tyrosin, and the middle and posterior regions the ameba con- 
tracted. The effect was course remove the anterior end 
the ameba from the dissolved dissolving tyrosin. The food 
cup was completed however and persisted the ameba for some 
time. The ameba moved away from the tyrosin for short 
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distance but soon came again within sensing range the tyrosin 
The ameba became aware the center diffusion 
the tyrosin distance about 125 microns. The ameba 
moved toward the tyrosin grain, then over it, then formed 
food cup, and later withdrew, just the preceding trial. The 
tyrosin had gone completely into solution however when the 
ameba withdrew. Another tyrosin grain was then laid before 
the ameba—64. The ameba moved forward into contact with 
and then repeated, substantially, the behavior observed the 
two preceding tests. 

After the ameba had withdrawn short distance from the 
tyrosin, and had become more less quiet, another 
came from the opposite direction and proceeded once form 
typical food cup over the tyrosin grain. When the food cup 
was nearly completed over the tyrosin, was suddenly extended 
take part the original ameba—73. The tyrosin became 
imbedded the protoplasm while the new ameba attempted 
eat the other one—74. The attempt capture the old ameba 
was soon given this ameba became active and moved out 
reach its would-be 

new grain tyrosin was laid the path the ameba that 
had been partially captured (the ameba shown Fig. 70)—79.. 
The ameba turned the left avoiding the tyrosin, but later 
while passing the tyrosin,. side pseudopod was sent out 
toward it—84, 85. This pseudopod moved over the tyrosin, 
swelled out and formed food cup, and then withdrew from the 
tyrosin, just the previous experiments. second attempt 
was made move over the tyrosin—92, the pseudopod 
was retracted before the tyrosin was entirely covered. Then 
the vestige the previous main pseudopod became active again 
and the ameba moved off. The food cup that was formed was 
completed. remained undiminished size for least thirty 
minutes. 

grain tyrosin was then laid the right the path 
another granular The ameba sent out pseudopod 
toward the tyrosin. After came into contact with the tyrosin 
the ameba formed food cup and ingested it. the time 
closing the food cup the ameba loosened its hold the sub- 
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stratum and rolled over, contracting antero-posteriorly the 
same The effect the tyrosin this ameba was 
similar that the previous ameba, except that the tyrosin 
did not seem act intensely quickly the latter 
ameba. small grain Fig. then laid 
the ameba but change behavior was observed. An- 
other grain tyrosin was then laid contact with the ameba 
the anterior end—112. The ameba sent out pseudopod 
the anterior end, upward into the water, and out contact with 
the tyrosin; but the weight became great that the ameba 
keeled over and was removed from contact with the tyrosin. 
Another grain tyrosin was then placed the path the 
ameba—113. The ameba moved over with very slight 
change behavior. Another grain tyrosin was placed the 
ameba’s path—117—but after slight movement toward the 
original direction movement was resumed and the ameba 
moved without further change behavior toward the tyrosin. 
The tyrosin grain which this ameba ate remained for over 
two hours without apparent reduction size. 

Summary Reactions toward behavior toward 
tyrosin anomalous; other substance, far known, 
induces similar behavior. Although the ameba seems 
strongly attracted the tyrosin, yet when the food cup about 
close the ameba withdraws.. The negative reaction due 
apparently too intense stimulation. the case one ameba 
the impulse withdraw did not make itself felt until the tyrosin 
grain was eaten. The formation the food cup also peculiar. 
Only when stimulated with tyrosin the food cup formed 
hollowing out the under side the pseudopod. other 
substance has been observed produce such behavior. 
least two instances the food cup was completed although the 
tyrosin grain was not it. This indicates that the formation 
food cups somewhat the nature reflex. The closure 
the food cups the circumstances described above could not 
explained adequately assuming that was due the direct 
effect the tyrosin solution upon the surface tension other 
physical property the ameba, Rhumbler (’98, contends. 
Tyrosin dissolves the body the ameba much more slowly 


BEHAVIOR AMEBA TOWARDS VARIOUS SUBSTANCES. 319 


than water. grain tyrosin that dissolves water ten 
minutes remains ameba for over two hours without appre- 
ciable diminution size. This would seem indicate that 
not sufficient for tyrosin into solution order 
assimilated, but that must further broken down digestive 
action; unless indeed the assimilation dissolved tyrosin goes 
very slowly. impossible say present why tyrosin 
remains undissolved for long the ameba’s body. Negative 
behavior toward tyrosin similar that toward other sub- 
stances. one case negative behavior was changed positive 
behavior presenting the ameba with grain globulin. 
Before the globulin was ingested the tyrosin was avoided; after 
ingestion, grain tyrosin was eaten. This very good 
illustration the possibility habit formation Tyro- 
sin can sensed distance least 125 microns. Although 
quite likely that the ameba reacts tyrosin solution 
the experiments described above, yet the ameba invariably moves 
with great accuracy toward the center diffusion, the tyrosin 
grain itself. The mere presence molecules (or ions) solution 
would therefore not explain the whole behavior. Some other 
factor must operate such differences the concentration 
the molecules tyrosin solution, would occur the process 
going into solution, for without some such additional factor 
the ameba would unable find the solid tyrosin. 

Gelatin.—Knox’s Sparkling (not acidulated) commercial gelatin 
was employed. Only few tests were made, owing the experi- 
mental difficulty handling it. One experiment only recorded 
this paper. 

small piece gelatin was placed the right the path 
granular small pseudopod which was extended 
toward came very nearly into contact with it, when the ameba 
turned the right, avoiding the gelatin—4. small pseudopod 
was then thrown out the convex side this pseudopod toward 
the gelatin, but was retracted before came quite into contact 
with the gelatin. The ameba finally moved through the 
vestige the previous main pseudopod. 

Arrowroot Starch was made boiling starch 
paste with water and allowing cool until rather stiff gel 
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was formed. small mass this gel was placed the path 
ameba—303. The ameba moved forward with little 
uncertainty—304, 305. Presently, however, the ameba began 
move concerted manner and when the main pseudopod 
was about one fourth past the starch paste, pseudopod was 
sent out toward it, but the pseudopod was retracted before 
came quite into contact with the paste. The forward movement 
the ameba did not seem disturbed the projection 
the small side pod. The behavior the ameba toward arrow- 
root starch paste very similar that toward gelatin. 


REACTIONS SUBSTANCES SOLUTION. 


Solutions certain substances were allowed run into very 
fine capillary glass tubes, after which one end them was 
sealed hermetically with heat. The tubes were made centi- 
meter more length that the substance the open end 
the tube would not affected the heat employed sealing 
the other end. The external diameter the tubes was about 
twenty-five microns, and the bore about fifteen microns, but 
there was some variation the dimensions the different tubes. 

The solutions were placed small tubes, for necessary 
localize definitely possible the diffusion currents from 
the open end the tubes order certain the meaning 
the behavior which might observed. But even with the 
employment capillary tubes the results are more less 
uncertain, unless the reactions are decided repeated often; 
for, the solutions being most cases colorless, the extent their 
presence outside the tubes can only inferred. 

meat. Commercial, from Eimer and Amend. 
well known, this substance very soluble water and has 
very strong agreeable smell and The taste salty. 
The action peptone resembles that meat extracts upon the 
human senses. 

capillary tube filled with dilute solution peptone was 
placed the path raptorial ameba—333. The ameba moved 
toward the open end the tube and formed large food cup 
before coming into contact with it, but the food cup finally 
closed over the open end the tube—334. The ameba 
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remained quiet for about six minutes, during which time the 
water and the peptone solution disappeared from the food cup. 
The ameba then started move away. the posterior end 
passed the tube opening another food cup was started over the 
tube but was not completed, and the ameba then soon moved 
away—335. But when the tube was again laid the ameba’s 
path—336—another food cup was formed over it. control 
tube containing culture fluid was then placed the path the 
ameba but only slight positive behavior resulted.) The peptone 
tube was then shifted—337. The ameba formed complete 
food cup distance about 100 microns from the end the 
tube—337, 338—showing conclusively that substances solu- 
tion are capable causing the formation normal food cup. 
The ameba then started move away the right—339—but 
presently changed its course, returned the tube—340—and 
enclosed again food cup—341. After remaining this 
position for minute and half, the ameba moved off. (The 
control tube was then again laid before the ameba but definite 
change behavior was observed.) 

fresh tube containing dilute peptone solution was placed 
the path another raptorial ameba—342. The general result 
was negative behavior, due possibly the commotion produced 
placing the tube position. 

Another ameba the same dish happened come within 
range the tube—346. pseudopod was thrown out which 
moved directly toward the tube opening—347—but when 
came within about 100 microns the tube turned the right 
and moved on. The small pseudopod extended toward the 
tube from the convex side the ameba turned the right 
slight tendency positive reaction. The 
tube was then The ameba threw out pseudopod 
which moved toward the peptone tube for some distance, then 
through new pseudopod the ameba moved off the right— 
352. While passing the tube side pseudopod was thrown 
out toward it—354—but was soon partially retracted. Very 
soon was again extended—356—and after came within 
twenty microns the opening the tube, was retracted, and 
the ameba moved directly away from the tube through new 
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pseudopod. The final effect the peptone this case was 
produce negative behavior, nevertheless the attractive qualities 
were quite strong. 

the path another granular ameba was placed new tube 
containing dilute solution peptone—358. number 
very small flagellates gathered near the open end the tube. 
The ameba moved forward toward the tube until came within 
thirty microns when pseudopod was thrown out the 
appeared destined become the main pseudo- 
pod, but the tendency toward positive reaction gained the upper 
hand again and food cup was formed over the open end the 
tube together with the flagellates, reactivation the 
previous main pseudopod—362. Ten minutes after the forma- 
tion the food cup the ameba began make efforts move 
away. The protoplasmic current was reversed several times, 
but finally the ameba moved on, after having been contact 
with the tube for eighteen minutes. impossible tell 
whether the flagellates had any influence the reactions this 
experiment not. 

the majority cases peptone dilute solution diffusing 
from small capillary tube attracts amebas. one ameba four 
food cups were induced, one being completely formed 100 
microns from the open end the tube. There can doubt, 
then, that solution chemical, such peptone, even when 
entirely free from the presence solid, adequate stimulus 
set off the feeding reaction. is, nevertheless, interesting 
note that the other three cases food cup formation the 
solid source, that is, the tube opening, was sought and enclosed 
the chemical solution acted only guide the solid 
object from which the chemical was diffusing. 

Egg Albumin.—Capillary tubes were filled with solution 
made from Eimer and Amend’s crystallized egg albumin and 
filtered culture fluid. This solution diffuses much more slowly 
than peptone. The solutions were very dilute: one part 
albumin 200 parts water. 

tube egg albumin was placed the path granular 
ameba—369. The ameba moved forward into contact with the 
tube, though apparently without being attracted toward it. 
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After being contact with the tube for few minutes the ameba 
moved away from about 100 microns, but soon returned again. 
The whole behavior puzzling, and may have had relation 
the diffusing albumin. 

new tube egg albumin was placed the right the path 
raptorial the ameba passed the opening 
the tube pseudopod was thrown out the side directly 
toward the tube—407—but was retracted when about twenty 
microns from the tube—408. The ameba moved without 
further reaction. The tube was then shifted—410—but was 
definitely avoided the ameba. When shifted again—415— 
was again avoided. When shifted the third time—422—the- 
behavior was indifferent. 

Another tube albumin solution was placed the right 
raptorial ameba—426. pseudopod which was thrown out 
the right moved directly into contact with the open end the- 
tube—432. From this pseudopod another was sent out which 
moved along the side the tube, and through the 
moved off—433, 434. There was attempt made form 
food cup any time. 

the path another raptorial ameba was placed fresh tube- 
albumin—436. This ameba was very strongly attracted 
the albumin, for five food cups (451, 452, 455, 466, 469) were- 
formed over the tube opening during the forty-one minutes the- 
ameba remained contact with the open end the tube. Only- 
the first food cup was completely closed; the others were only 
partially formed. This the only certain case where food 
cup was formed over the albumin because stimulation proceed- 
ing from the albumin. 

summarize: The majority amebas experimented upon 
reacted with indifference, negatively, the egg albumin 
capillary tubes. Only one reacted decidedly positively, but this 
one formed five food cups succession over the open end the 
tube. There can doubt then the efficiency albumin 
stimulator for setting off the feeding process; nevertheless the 
stimulus seems weak compared with that from peptone. 

Tyrosin.—A tube filled with weak tyrosin solution was placed 
the path raptorial ameba—398. pair side pseudopods 
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were formed near the tip the main pseudopod, the right one 
which moved toward the tyrosin tube; but this pseudopod 
was soon arrested and retracted while the main one enlarged 
rapidly for short time when also was retracted. The pseudo- 
pod the left then became the main one through which the 
ameba moved away after ingesting flagellate—402-404. The 
tube was then shifted, but the resulting behavior was indifferent. 

Carmine.—A capillary tube filled with solution (not sus- 
pension) carmine was placed the path raptorial ameba 
—383. The ameba moved toward the tube short distance— 
384—then reversed streaming and moved away. new tube 
carmine solution was placed before another raptorial ameba 
—386. The ameba was disturbed its movements but finally 
sent out pseudopod toward the carmine tube—388. But when 
came within about 100 microns the tube broke into 
several pseudopods—389—and finally the ameba moved away 
the left. The tube was then shifted—393. The ameba moved 
toward the tube short distance, then stopped and sent out 
pseudopod either side—395. The one the left enlarged 
first, but when came near the tube was retracted and the 
one the right enlarged and carried the ameba away—396. 
‘The tube was then laid before the advancing pseudopod—397. 
This pseudopod was once arrested and the pseudopod just 
previously retracted became active and carried the ameba away. 

These experiments indicate that solid particles carmine are 
very much stronger their stimulating power than solutions 
carmine. Carmine grains nearly always produce positive be- 
havior which results contact, while solutions induce only 
negative reactions. present impossible tell why there 
should such difference, for the chemical nature the sub- 
stance presumably the same both cases. Better technic 
doubtless would much solve this difficulty. 

number experiments were also performed with sodium 
chloride small tubes, but the results were almost exactly like 
those which culture fluid was used for filling the tubes. Here 
also better technic would probably give interesting results. 
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SUMMARY. 

Ameba senses small particles insoluble substances such 
carbon, glass, silicic acid, etc., distance from 100 
microns. The reaction nearly always positive and consists 
the turning the main pseudopod toward the test object 
the projection pseudopod the side the main one 
toward the object. The side pseudopod may may not become 
the main pseudopod. After the test object touched the ameba 
usually moves without further change behavior. 

Although the facts are clear, the explanation reaction 
distance insoluble substances lacking. Surface action 
some sort the reflection light from the test object are 
possible factors. But whatever the explanation, the ability 
eyeless animal like ameba sense insoluble objects 
distance without parallel among organisms and conse- 
quently phenomenon fundamental importance sense 
physiology. 

Ameba reacts positively tyrosin. The behavior toward 
small grains tyrosin very peculiar. The ameba moves 
toward the tyrosin strongly attracted and begins the forma- 
tion food cup. The stimuli then seem become intense 
that they produce negative effect the reactions, and the 
ameba withdraws from the tyrosin grain. Tyrosin grains are 
however occasionally eaten. 

The reactions toward tyrosin refute completely the conten- 
tion (if still needs refutation) that the eating process ameba 
purely surface action effect the stimulating object. 

Both egg albumin and peptone weak solution diffusing 
from capillary tube cause the formation food cups. 
nearly all cases the food cups were formed over the open end 
the tube the solid source the diffusing albumin peptone; 
but one two cases food cup was formed distance 
from the tube. Peptone stimulates the ameba much more 
readily than albumin. 

Solutions carmine and tyrosin capillary tubes not 
readily attract amebas. This strong contrast the be- 
havior toward grains these substances, which almost always 
positive. The difference behavior recorded perhaps due 
faulty technic handling the capillary tubes. 
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The experiments indicate that ameba sensible least 
two kinds stimulation: that from insoluble solids such 
carbon and glass, and that from substances solution, such 
peptone albumin. seems hardly possible that carbon and 
glass, distance from the ameba, produce the same disturbance 
the surface the ameba, such change surface tension, 
contact with dissolved peptone. definite conclusion how- 
ever awaits further work. 
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PLATES. 


The figures are camera lucida drawings taken from the laboratory notes without 
alterations. The camera lucida was attached the right hand tube long 
arm Zeiss binocular microscope. Eyepiece and objective were used, giving 
magnification diameters. scale means which the size the amebas 
and test objects can estimated shown Plate 

The figures are numbered serially from for reference. following 
number, 9x, indicates the end the experiment illustrated Figs. 
inclusive. new experiment starts with Fig. and ends with Fig. 12x, and on. 
number followed xx, means that the next experiment was performed 
upon different ameba. Thus Figs. 27xx represent the results several 
experiments upon the same ameba. With Fig. new ameba was employed, 
and on. -The order which the figures were drawn represented the serial 
numbers for all the figures any one experiment, and nearly every case for all 
the experiments performed upon any one ameba. 

The time the beginning and the end each experiment given hours and 
minutes. many cases the time drawing each figure also given, and where 
not given may easily computed. 

The arrows show the direction active protoplasmic streaming. The arrows 
the last figure each experiment denote the direction the ameba took moving 
away from the test object. 

The test objects are labelled abbreviated form. See table abbreviations 
below. For quick and correct reference the test objects are connected with the 
proper ameba leader lines. These lines have other significance. 

All the work was done facing north window. All the figures were drawn 
the same position the laboratory and the plates. The top each plate there- 
fore points toward the north. This worth noting from the point view the 
possible light the behavior ameba. 

will noted that there are slight differences the size and shape the 
same test object drawn the figures any single experiment, even the object 
was not rolled around the ameba. The explanation for this difference lies 
the speed with which the drawings had made order catch important 
items behavior. rule the parts the ameba lying neafest the test object 
received the most careful attention and were drawn first; the posterior parts 
the ameba and the test object were drawn last. 

For detailed explanation figures see text. 


TABLE ABBREVIATIONS. 


AR, arrowroot starch grains. GE, gelatin. 
ARP, arrowroot starch paste. GL, glass. 

carmine solution. GR, graphite. 
CA, carbon. hematin. 
CH, cholesterin. IN, indigotin. 
egg albumin solution. peptone. 

FC, food cup. PB, lead oxide. 

FL, flagellates. acid. 


globulin. tyrosin. 
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STUDY SOMATIC CHROMOSOMES. 


CHROMOSOMES COMPARISON WITH THE 
CHROMOSOMES THE GERM CELLS tristis. 


HOY, JR., 


PRINCETON UNIVERSITY AND THE UNIVERSITY OF ROCHESTER. 


With the exception incidental and scattered observations 
connection with studies spermatogenesis there have been 
only few papers statistical nature the number, type and 
combination the chromosomes somatic tissues. Usually, 
and more less arbitrarily, the diploid gonial number 
chromosomes the germ cells has been assigned the cells 
the soma. However, the number chromosomes the 
somatic cells not necessarily the same that the germ cells. 
Cases have been reported, for instance, Ascaris, some the 
Hymenoptera, Lepidopteran, and several the Vertebrata, 
where the somatic number chromosomes higher than the 
gonial number. the other hand Culex, Diaptomus, Phasco- 
losoma, and some the Diptera the number chromosomes 
may lower some all the cells the body tissues 
than the gonia. 

Extensive studies the development the germ cells 
animals have, general, offered strong evidence for 
the chromosomes. Variations the number 
chromosomes the germ cells are relatively infrequent. This 
undoubtedly the greatest importance the modern 
mosome heredity. first hand the peculiar history 
the chromosomes somatic cells certain animals may seem 
render somewhat untenable this theory the 
the chromosomes, and may easily give rise the idea that 
they are exceedingly variable structures. With this mind, 
study being made the chromosomes the somatic tissues 
various developing embryos for the purpose determining 
chromosomes the somatic cells generally agree number and 
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type with those the germ cells. Apparently any peculiar 
history the chromosomes somatic cells must regarded 
concomitant differentiation. This atypical 
the chromosomes, lieu better explanation, has been 
satisfactorily accounted for from the standpoint the doctrine 
the the chromosomes the following 
manner: those forms where the chromosomes exist the 
somatic cells greater number than the germ cells, investi- 
gators generally agree that the chromosomes the sex cells 
are bivalent plurivalent. chromosomes fragment prob- 
ably quite early the development the embryo, has been 
shown the case Ascaris and that the Hymenoptera. Con- 
versely, where the number the somatic chromosomes lower 
than the number the chromosomes the sex cells, there 
more less permanent pairing fusion the chromosomes 
the soma. 

Accordingly the behavior the chromosomes the soma can 
tentatively summarized the following manner: 

All the chromosomes the gametes are univalent, and 
are the same number and type all the cells the body, 
both somatic and germinal. 

The chromosomes either one both the gametes are 
compound, and one the early cleavages the egg fragment 
into their component parts the cells giving rise the soma. 
This procedure clearly distinguishes the from the soma 
establishing dissimilarity between the two the number 
and type their chromosomes. 

The production double multiple chromosome groups 
the suppression cell division. 

All the chromosomes both gametes are univalent, 
but become bivalent the cells the soma more less 
permanent fusion with other chromosomes. The resulting chro- 
mosomes appear univalent. 

consideration this problem will tend strengthen the 
view that the chromosomes, certain degree least, are 
constant and not variable structures, and that they possess 
certain morphological identity the majority animals. 
the case Anasa, with which this paper deals, there are certain 
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definite size relations among the chromosomes the germ cells, 
and these size relations can followed out successfully the 
various tissues the body. 

This series investigations was taken the suggestion 
him for his interest and helpful criticism these investiga- 
tions. also indebted him for the use his slides the 
spermatogenesis Anasa. 


MATERIAL AND METHODs. 


The eggs tristis various stages development 
were obtained abundance the leaves squash plants 
during the months July and August. The method fixation, 
which gave the best results, was that Carnoy and Lebrun. 
This fluid consists equal parts absolute alcohol, chloroform, 
and glacial acetic acid, with the addition mercuric chloride 
saturation. Eggs were well fixed this fluid from fifteen 
twenty minutes. From this fluid the eggs were transferred 
iodized per cent. alcohol for twelve eighteen hours, and 
were then preserved per cent. alcohol. The eggs are sur- 
rounded extremely tough chorion which must removed 
before sectioning. 

Larval ovaries were fixed for several hours Flemming’s 
strong solution. This same solution was also used making 
preparations the testes. 

Sections both the sex glands and the eggs were cut 7-10 
micra thickness. Owing the presence the yolk the 
eggs, which becomes somewhat brittle after fixation, often 
advantage separate the embryo from the yolk before em- 
bedding, though this tendency the yolk crumble may 
obviated certain degree the addition small amount 
crude rubber the stock solution paraffin. 

The stain employed all cases was Heidenhain’s 
toxylin, with without counter-stain erythrosin. The 
value counter-stain extremely doubtful, and perhaps the 
best preparations were obtained long immersion the 
which stains the chromosomes: black but leaves 
the cytoplasm light gray almost colorless after destaining. 
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All the figures were table level with the aid 
Abbé camera lucida, using Leitz compensating ocular and 
mm. apochromatic objective, and are reproduced here 
reduction one third. few cases was necessary for the 
sake clearness the reproductions draw one two chromo- 
somes out their true positions. The chromosomes linearly 
arranged were drawn from the actual specimens, and not traced 
from the drawings the plates. 

Mitotic figures occur throughout the embryos and are numer- 
ous, but must not supposed that the chromosomes many 
these figures can counted. sometimes necessary 
section twenty-five more embryos before finding division 
figure which clear. this connection the remarks Metz 
215) are pertinent: certain principles must 
observed making preparations, the task mainly one 
securing and preparing enough specimens get material the 
proper stages and sufficient quantity for 


OBSERVATIONS. 


Anasa tristis exceedingly favorable form for this par- 
ticular problem, since the chromosome complex well known, 
and since has been described several investigators with 
general unanimity result. The striking size differences the 
chromosomes one plate also makes excellent form for 
study. 

order understand the nature and character the chromo- 
some complex, will necessary review briefly the description 
the spermatogenesis and this species. Wilson 
showed that the number chromosomes appearing 
the spermatogonial divisions was 21. Three these chromo- 
somes are larger, and two are very much smaller, than the 
others, that there marked differentiation size any one 
group. these chromosomes, can paired, leaving one 
the largest, unpaired. This largest chromosome the x-chromo- 
some (accessory). The two smallest have been termed the 
chromosomes, and are distinguished the fact that they 
not unite form bivalent chromosome the growth period, 
but condense two separate chromosomes, pairing the first 
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maturation division, and immediately separating without fusion. 
The x-chromosome divides equationally the first maturation, 
but the second division passes undivided one the poles 
the spindle. this way dimorphism the spermatids 
established, and later, dimorphism the spermatozoa, with 
respect their chromatin content, one half containing 10, and 
the other half chromosomes. 

The the other hand contain chromosomes, four 
larger than the others, and two very small m-chromosomes. 
the metaphase the first division (Morrill, ’10) there 
are eleven chromosomes, many them appearing tetrads. 
Two the chromosomes are larger than the others, the m-chro- 
mosomes are fused and appear single tetrad, and all the 
chromosomes divide equally. the metaphase the second 
maturation division there are dyads, two larger and one (the 
m-chromosome) smaller than the others. 

express, then, the possible combinations the chromo- 
somes fertilization, have the following formule, letting 

for the x-chromosome, for the macrochromosomes (the 
large chromosomes), meso for the (those 
intermediate size), and for the m-chromosome: 

The results summarized these two equations were deter- 
mined Wilson and Morrill, and are confirmed investi- 
gations. 

Wilson figures group chromosomes from dividing 
follicle cell the ovary. There are chromosomes, corre- 
sponding their size relations the anticipated result mentioned 
above. Although gives figures, states that the cells 
the ectoderm the larve contain approximately the same 
plate from cell toward the periphery larval ovary which 


has become necessary find some word which chromosomes not char- 
acterized their size behavior can designated. The term 
too comprehensive. Accordingly have used the term mesochromosome, the prefix 
being derived from the Greek adjective meaning size. 
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there are chromosomes. This includes eight macro- and four 
m-chromosomes. concludes, therefore, that division 
the chromosomes had taken place without subsequent division 
the cell body, and further states that such condition not 
uncommon the investing cells the ovary, the oviduct, 
and the fat body. These cells are considered him either 
degenerating highly specialized. 

Morrill figures mitoses the 
developing eggs and finds that there are two kinds 
embryos with respect their chromosome content, one contain- 
ing 21, and the other chromosomes. The two different chro- 
mosome groups correspond, respectively, the groups found 
the spermatogonia and the showing the same size 
differences and the same number the various types chromo- 
somes. reports one case chromosomes, but suggests 
that this due accident technique. 

The results presented the present paper were obtained from 
several stages the developmental history Anasa. These 
stages can grouped, roughly, under three heads: Late 
cleavage (pre-blastodermic) and early blastodermic; II. Appear- 
ance the limb buds, and first indications segmentation 
the embryo; III. Shortening the elongate embryo. these 
stages, stage shows the clearest and most diagrammatic chro- 
mosome plates. The second stage shows division figures the 
undifferentiated ectoderm, and stage III. was excellent for mitotic 
figures neuroblasts, the mesoderm, and the hypodermis. 

these stages over 100 counts were made equatorial pre- 
equatorial plates. The difficulties first experienced were stated 
preliminary paper (Hoy, was also the explanation 
some plates apparently containing atypical number chromo- 
somes. must borne mind that some cases there 
appears diversity the chromosome number different 
cells, but all these plates the chromosomes are crowded 
together making enumeration extremely difficult. However, 
there seems case where explanation apparently 
aberrant number cannot made, logically and clearly, the 
grounds accidents technique, overlapping the chromo- 
somes, apparent fusion several chromosomes due poor 
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destaining. Foot and Strobell 199) have particularly 
objected such explanations, characterizing them ‘‘the old 
story familiar cytologists—if feature where, hypo- 
where ought be, due faulty Their 
objections are valid, think, certain point. Variations 
may easily occur, fact the double chromosome groups 
Anasa are proof that they may occur frequently. the 
total disappearance chromosomes have proof. Moreover, 
the metaphase plates which have been studied are all reasonably 
clear and variations the number type the chromosomes 
have been demonstrated, other than the above. seems reason- 
able, therefore, not entirely ignore the above-mentioned expla- 
nations, especially since the preponderance proof favor 
the characteristic chromosome entire chromo- 
some plate lies one section, and sufficiently clear 
counted, the normal number has invariably been found (with 
the exception noted). well point out that the study 
prophases has been found unadvisable owing chiefly the 
inaccuracy the enumerations, due the overlapping the 
chromosomes. 

Figs. 1-4 show plates the 21-chromosome type. the 
left are the chromosomes they appear the plates, and the 
right the chromosomes linearly arranged. Fig. spermato- 
gonial metaphase. Fig. late cleavage metaphase, Fig. 
from neuroblast division, and Fig. from abdominal 
mesoderm cell. The last two figures are from the same embryo 

Bearing mind the 21-chromosome complex previously men- 
tioned, will seen that all these figures there are 
chromosomes and chromosomes larger than the others. One 
these three larger chromosomes, the largest, obviously 
unpaired. the eight pairs mesochromosomes there 
gradual gradation size from the macrochromosomes the 
m-chromosomes. Aside from this decrease size they show 
striking peculiarities. The attempt arrange the chromosomes 
pairs is, course, arbitrary one, but will readily seen 
that, with the exception the unpaired largest, there are two 
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chromosomes, male type. Fig. Spermatogonium. Fig. 
Cleavage nucleus. Fig. Neuroblast. Fig. Mesoderm. 


chromosomes approximately the same size each step the 
gradation. 
The spermatogonial chromosomes are short and thick, and the 
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closest resemblance these shown the chromosomes the 
mesoderm cell (Fig. 4). However, both these cases the 
cytoplasmic areas the cells are much smaller than those 
the cells which the more elongate chromosomes Figs. and 
This much elongated appearance the chromosomes 
characteristic both neuroblasts and late cleavage cells, 
the nuclei and cytoplasmic areas which are larger than those 
the other cells. One must also take into account the fact 
that the apparent size and volume the chromosomes in- 
fluenced some extent the length extraction the stain. 
Realizing this, the figures produced this paper have been 
taken from preparations far possible stained alike. 

Figs. 5-8 are from embryos showing the 22-chromosome type. 
Here again the formula the 22-chromosome complex, pre- 
viously outlined, confirmed. There are four macrochromo- 
somes each figure, the difference, contrasted with the 21- 
chromosome type, being that the largest chromosome found 
paired. Fig. from late cleavage cell and, was the case 
corresponding plates the 21-chromosome type, the chromo- 
somes are much elongate. Fig. from neuroblast the 
cerebral ganglion, was drawn from the finest preparation obtained 
all the series. chromosomes are not large Fig. 
but this figure taken from embryo about stage III, while, 
was pointed out, Fig. from earlier stage. 

Figs. and are also from embryos corresponding their 
development stage III. Fig. from cell the hypodermis 
the antenna. This cell small size, and the chromosomes 
are the smallest any group shown. 

Fig. from mitosis. The 22-chromosome type 
found the developing embryos corresponds this the same 
manner the 21-chromosome type corresponds the spermato- 
gonial plate. Fig. from dividing cell the oviduct, and 
furnishes additional proof that the 22-chromosome type the 
female type, and the number characteristic the somatic 
tissues well the sex glands the female. 

addition, cases double chromosome groups were found 
connective tissue cells surrounding the young ovary. These 
groups correspond Wilson’s report chromosomes 
certain investing cells the ovary. Since the number double 
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the normal somatic number, and since the chromosome pairs 
are evidently doubled, highly probable that, suggests, 
there was division the cell after the division the chromo- 
somes. Whether these cells are degenerating are highly 
course problematical, but they not affect the 


Anasa tristis. chromosomes, female type. Fig. Cleavage nucleus. Fig. 
Neuroblast. Fig. Mesoderm. Fig. 
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view that the normal somatic chromosome number constant 
one Anasa. 

evident, then, that the embryos fall into 
two classes with respect their chromosome content, one con- 
taining 21, and the other chromosomes all the cells the 
various tissues where examination was possible, with the one 
exception noted. These conditions are found every plate 


Anasa chromosomes, female type. Fig. Odgonium. Fig. 
Epithelium oviduct. 


where all possible make accurate count. some 
cases the m-chromosomes lie near the largest chromosomes 
that difficult distinguish them. Even metaphase 
groups where count impossible, possible identify 
many the chromosomes. 

Aside from the general constancy the number the chromo- 
somes these embryos, the most important and significant 
fact that the constancy type. The individuality the 
chromosomes represented this constancy type, and 
clear that this not confined merely the chromo- 
somes the sex cells, but occurs throughout early embryonic 
development the somatic tissues, and logical suppose 
from this that this constancy type the chromosomes 
present throughout the entire life cycle this animal. similar 
importance the fact that definite pairs chromosomes can 
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demonstrated the various tissues developing embryos. 
From comparison the diploid groups spermatogonia and 
those odgonia, together with the haploid groups, which 
have been described Wilson and Morrill, clearly evident 
that the members these pairs chromosomes are derived 
one from the male parent and one from the female parent. 
Though the same size relations seen the chromosome complex 
the germ cells reproduced the somatic cells, there 
difference size and volume the homologous pairs different 
cells. This difference can probably explained upon the 
grounds greater less metabolic activity the nucleus; 
that is, difference size may due real increase the 
amount the chromatin. the other hand may due 
merely the swelling the chromosomes absorption. 
Conklin found that chromosomes the spermatid 
are usually smaller than those the but when the chromo- 
somes the first cleavage spindle appear, those from the sperm 
nucleus are usually large those from the egg. The reason 
for this found the fact that both grow, after fertiliza- 
tion, the same medium, the egg plasma, and for approximately 
the same length found that the size the chromo- 
somes dependent upon the size the nucleus from which 
comes, and that general the small nuclei gave rise chromo- 
somes smaller size than those which came from large nucleus. 
far has been determined, none the chromosomes 
the somatic cells are distinguished any peculiar behavior. 
All the chromosomes seem divide about the same time, 
and the same manner. The division plane longitudinal 
one, separating the chromosomes into morphological identical 
halves, can demonstrated polar views anaphases. 
some cases the individuals pair lie very close together, 
but this extremely inconstant feature. Beyond difference 
size usually impossible distinguish various chromo- 
somes any peculiarity shape, since the same pair may 
appear U-shaped, slightly curved, straight rods different 
cells, and one chromosome pair may even differ very much 
shape from its mate. This probably due the position 
the particular chromosome the equatorial plate, and some 
difference tension the spindle fibers. 
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CONCLUSIONS: 


The somatic number chromosomes tristis 
constant, with the one exception, namely, that double chromo- 
some groups occur certain investing cells the ovary. 

There are two classes embryos, one with complex 
chromosomes, the other with complex chromosomes 
all the cells the various tissues the body which have been 
examined, with the exception noted. 

The chromosomes the somatic cells are the same 
number and type those the germ cells. The 21-chromosome 
type corresponds the spermatogonial complex, and the 22- 
chromosome type that the Accordingly, embryos 
having chromosomes the somatic cells are males, those 
with chromosomes, females. 

The male somatic chromosome complex consists macro-, 
meso-, and m-chromosomes, which the same found 
the spermatogonia. 

The female somatic chromosome complex consists 
macro-, meso-, and m-chromosomes. This corresponds 
the odgonial complex. 

These facts show that there both identity number 
and identity type the chromosome complexes. The 
identity type further emphasized the fact that definite 
pairs chromosomes can demonstrated these groups. 

The double chromosome groups not represent fragmenta- 
tion transverse splitting the chromosomes, for the female 
formula doubled and this evidently has been brought about 
the failure the cells question divide after division 
the chromosomes had taken place. 


REVIEW LITERATURE. 


The following table composed the counts which have 
been made the chromosomes somatic cells. great 
many cases these counts have been incidental study the 
sex cells, and have served, the main, merely substantiate 
the counts the diploid number chromosomes the sex cells. 
frequently used for that “diploid number” the germ cells. 
few cases has been impossible determine whether the 
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author has actually counted the chromosomes somatic cells 
has really meant the diploid number chromosomes the sex 
cells. Since the two numbers are not alike many animals, the 
use the former term this connection should abandoned. 
This not intended exhaustive list the literature 
the subjects spermatogenesis Only where 
accounts not agree reference made more than one author. 
number papers have reported counts chromo- 
somes the early cleavage the egg. For the most part these 
reports have not been included here, since counts the chromo- 
somes the first second cleavages can hardly considered 
conclusive the somatic number, except where the Keimbahn 
has been determined and where definite statement made the 
particular cell which the chromosomes were observed. When 
the counts made the early cleavage are followed counts 
the germ layers their derivatives they then become 
significance. this connection have omitted the counts 
chromosomes the early cleavage Echinoderms, and the 
lower worms, both which groups numerous counts have 
been made. Obviously, too, cases where only few counts 
have been made one tissue are not all conclusive when 
unaccompanied counts other tissues. However, since these 
are from definite somatic tissues they have been included here. 
the alloiogenetic forms only the sexual generations are 
included, since the purpose this table the comparison the 
number the chromosomes the sex cells with those the 
somatic cells. Investigation has been made the chromosomes 
parthenogenetic individuals number forms, particularly 
the Hymenoptera, the and the Crustacea. 
(Morgan, Stevens, 
Where two different numbers are given for the haploid 
reduced number, this refers the fact that accessory chromo- 
some (or chromosomes) present, and where the two haploid 
numbers are the same, the fact that idiochromosomes are 
present, thus establishing dimorphism the spermatozoa 


both cases. Where different numbers separated hyphen 
are given under either the diploid haploid columns, number 
varying between the two has been found. 
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Chromosomes in Sex 


Cells. 
No. No. 
VERTEBRATA 
MAMMALIA 
10-12 


ca. 
Cavia 
| 
Canis 
Sus scrofa domes-| 
AMPHIBIA 
Salamandra macu-| 


Guyer reports further reduction the second division and 


Cornea eye 
Mucus cells 


Connective tissue 
Lymph bodies 
Liver 

Brain 
Mesenchyme 


Intestinal meso- 
thelium 


Epithelium ear 


Nasal epithelium 


No. of 


Chromo- 


somes. 


32 


Great omentum 
Amnion 
(not stated) 
28, 
Mesoderm 
Leucocyte 
Epithelium 
bladder 
Epithelium 
bladder 
Epithelium 
bladder 
(not stated) 


8,9 cell 

Yolk 


accomplished fusion the autosomes. 


Fide Winiwarter 


Authority, 


Guyer 
Montgomery 
Duesberg 
Jordan 
Moore and 
Arnold 
Flemming 
Farmer, Moore, 
Walker 
Farmer, Moore, 
Walker 
Farmer, Moore, 
Walker 
Wieman 


Winiwarter 


Bachhuber 
Honoré 

Barratt 
Winiwarter 


Flemming 
Stevens 


etwa 


12 
12 


vom Rath 


Winiwarter and 
Sainmont 


Wodsedalek 


Jordan 


Meves 
vom Rath 
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Chromosomes in Sex 


Group, Genus, 
o. No. 
Salamandra macu- 
DIPNOI 
Lepidosiren para- 
MOLLUSCA 
GASTEROPODA 
INSECTA 
DIPTERA 
Drosophila 
Drosophila quin- 
Drosophila 
Drosophila fune- 
Drosophila tri- 
Drosophila ampel- 
4,4 


Meves 
Fide Jenkinson 


No. of 

Somatic Cell. Chromo- 
somes. 

Blood 

Peritoneal endo- 

thelium 
Epithelium 
Connective tissue 


Epithelium gill 


Ist cleavage 
Ist ca. 
Cleavage 
Nerve 
Ectoplasm 
Pigment 
Connective tissue 
Larval nerve 
Mesenchyme ca. 


Ectoderm ca. 


Red blood cell ca. 


Cleavage 
Tissue cells 


Larval, pupal and 


Authority. 


vom Rath 


Della Valle 


Meves 
Meves 
Mack 


Agar 
“ (’ 12) 
Murray 


Popoff 


adult |Metz 
Larval, pupal, and 

adult |Metz 
Larval, pupal, and 

adult 

“ ('14) 

Larval, pupal, and 

adult 
Larval, pupal, and 

adult 
Larval, pupal, and 

adult 
Segmentation |Stevens 
Ovarian follicle 
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Chromosomes in Sex 


Group, Genus, 
No 
Calliphora erythro- 
Sarcophaga sarra- 
Sarcophaga 
Ravinia 
Homalomya 
Fucellia marina 
Culex 
Apis 


LEPIDOPTERA 
Phragmatobia ful- 


Somatic Cell. 


No. of 
Chromo- Authority. 
somes. 


Follicle testis 
Ovarian follicle 


Somatic 


Ovarian follicle 


Somatic 


Ovarian follicle 
Somatic 
Somatic 


Ovarian follicle 

Undifferentiated 

larva 

Muscle 

Nerve 

tracheal tube 

Malphigian 

alimentary 
canal 

body wall 

tube 

follicle 


Cleavage 


Blastoderm 


Developing egg 
Ovary sheath 


28, blastoderm 


|Stevens 
12 


|Metz 


Stevens 
12 
|Metz 
12 
|Metz 


Taylor 


w wWwww 


ww ww 


Stevens 


Metz 
Stevens 
Metz 


Meves 


Nachtsheim 


(’13) 


|Nachtsheim 

|Petrunkewitsch 

|Doncaster 


| 
g 
j 
“ 
“ 
“ 
“ 
“oe 
ca. 
| 


346 


HOY, JR. 


Chromosomes Sex 
Cells, | 


Group, Genus, 
Species. Diploi 
No, 
ful- 
Lymantria japon- 
Lymaniria dispar 
Philosamia 


COLEOPTERA 


Chelymor pha argus 
Odontota 
Trirhabda virgata. 


Trirhabda cana- 


Diabrotica vittata. 


Photinus pennsyl- 


Photinus consan- 
ORTHOPTERA 


Gryllus domesticus 


Leptophyes punc- 


Locusta 


Steiroxys trilineata 


Acridium granula- 
tus 


oO. 


10, pupa 


11, Follicle egg 


10, 


Haploid 


14, pupa 


15, follicle 


Somatic Cell. 


blastoderm 
J 


Blastoderm 


egg 
egg 


|Wall testis 


Egg follicle 


“ 


| No. of | 


| Chromo-| 


Authority. 


| somes. | 


| 


follicle 


somatic 

larval ovary 
| 

epithel-| 


somatic 
Oviduct 


deferens 


Dederer 


Stevens 


Stevens 


('08d) 


20 | “ 


Gutherz 
|Baumgartner 

20 


Davis 


mesenteron 
body 
tissue 
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Chromosomes in Sex 


Group, Genus, 
No. 
Acridium granula- 
Giant cell-fat 
Ovarian follicle 
Acridium incurva- 
Tettigidea parvi- 
Ovarian follicle 
Pamphagus mar- 
Aploplus mayeri.. 17, Egg follicle 
Leucophea ma- 
Periplaneta amer- 
follicle 
Anisolabis mari 
Egg follicle 
HEMIPTERA 
Philenus spum 
somatic 
phrophora 
Peciloptera septen- 
Peciloptera prui- 
Ovarian follicle 
Diplocodus 
somatic 
Acholla multi- 
somatic 
Body cells....... 
Ovarian follicle 
|9 14 


0. of 


N 
Chromo- 


Authority. 


Robertson 


Granata 
Jordan 


Morse 
Farmer and 


Moore 
Morse 


Stevens 


Boring 


Payne 


“ 


| “ 


Henking 


Gross Wil- 
gon 


Morrill 


—— 
; 
somes. | 
oe 
36 
32 
| “ 
| 
| 26 
| 
= 
30 
24 
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Cells. 
Cell. 
Species. Haploid 
No. No 
follicle 
Syromastes mar- 
Ectoderm 
Mesoderm 
Hypodermis 
Neuroblast 
Ovarian follicle 
Investing cell 
Ovary 
Archimerus alter- 
Chelinidea vittigera Cleavage 
testis 
Egg follicle 
Metapodius 
Metapodius femor-| 
Metapodius 
follicle cell 
12 Q “ 
| 
ODONATA 
Prototracheata 


Peripatus balfouri 


cell 


sheath 
cell 


Endoderm 


Authority, 


21 


22 


21 


22 | 


21 


22 | 


21 
22 
21 


22 


22-25 


23-28 


25-26 


Morrill 

Wilson 

Morrill 
Wilson 

Morrill 
Hoy 

Hoy 

Hoy Wilson 


Hoy 
Wilson 


| 
“ 


Morrill 


| 


and Strobell 

Foot and Strobell 

Wilson 


Lefevre and Mc- 
Gill 


Montgomery 
Montgomery 
Montgomery 


— 
| 
No. of 
; somes. 
“ 
| 
| 
| “ 
| 
| “ 
| | 
‘ 12 
12 
| 
| 
| 
| 
Ca. 
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in Sex 
Somatic Cell, Authority, 
Peripatus balfouri Ectoderm |Montgomery 
Ovarian stalk cell |Montgomery 
Crustacea 
ium 
Diaptomus ceru- 
Muscle 
14-20 
Annelida 
Phascolosoma vul- 
Ophryotrocha puer- 
Endoderm 
Blastula 
ton 
Nematoda 
Stongylus 
and 2nd 
cleavage 
late embryonic 
Ancyracanthus 
Ascaris megalo- 
cephala (uni- 
Turbellaria 
Planaria 
3-6 
Trematoda 
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Sex 
ells. 
Somatic Cell. Authority. 
No. No. | 
deferens 
Parenchyme |Goldschmidt 
Epithelium 
bladder 
Embryonic 
Hydrozoa 
Gonionemus mur- 


The chromosome number appears vary variety forms. 
Many reports are apparently antagonistic. may that 
certain animals the chromosome number differs different 
individuals. Evidently much fruitful work can done 
attempting solution such differences. 

The chromosome counts man are difficult explanation 
due the diverse and conflicting results obtained studies 
spermatogenesis. the face the evidence would almost 
appear that the chromosome number varies. Since Guyer and 
Montgomery, well Jordan, worked negroes and their 
results approximate, and since Winiwarter obtained his results 
from white man, has been suggested (Guyer, and Morgan, 
that the number chromosomes differs the two races. 
this true, hybrids might show intermediate number 
chromosomes. Wieman’s results, however, contradict this, un- 
less there synpasis some the chromosomes somatic 
cells. Outside Flemming’s count 24, the counts somatic 
tissues show number chromosomes varying between and 
38. Moore and Arnold report haploid number 16. This 
approaches most nearly these numbers the somatic cells. 
Jordan does not hold the exact haploid number 12, for 
though the number not lower his preparations, states 
that may higher several more chromosomes. Wilcox 
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reports number varying between and 19, though 
considers the normal number. However, does not 
state this number the haploid diploid; the inference 
that the former. The counts somatic chromosomes 
reported Farmer, Moore and Walker were made from cells 
normal rectum comparison with cancerous tissue. 
man worked white human embryo. points out the fact 
that the number variance with that reported most 
investigators the diploid number the sex cells, and suggests 
that the varying counts which made the soma were due 
breaking some the larger chromosomes. The 
difference between the somatic and spermatogonial numbers 
may due, thinks, similar process. Wieman also 
suggests that doubling the chromosomes may have taken 
place Winiwarter’s material. Precocious division some 
the chromosomes may also give this result. 

the somatic cells the rabbit Winiwarter obtained 
chromosome number varying beween and 80. The majority 
counts showed 42, and this considers the normal number. 
This number corresponds the number chromosomes the 
but haploid number 10-12 the maturation divi- 
sions the egg was reported Honoré, one Winiwarter’s 
students. This latter count closely approximates the observa- 
tions Bachhuber the number chromosomes the sperma- 
togonia. Winiwarter draws analogy the case Ascaris. 
However, the analogy will only hold the was 
reality follicle cell some other non-germinal cell, otherwise 
would seem analogous the double reduction reported 
Guyer man and the domestic fowl. Apparently the cell 
question was not Flemming modifies his number 
chromosomes the statement that the number may 
even higher. Barratt’s numbers are intermediate between the 
two extremes. With reference the varying number chromo- 
somes which reports, suggests that such variation may 
entirely normal and occur regularly. 

Flemming quotes Bardeleben’s count chromosomes 
the spermatogonia the guinea pig, but fails find number 
corresponding this study embryo. His number 
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only approximate. Taking Miss Stevens’s results 
standard this number would seem indicate number 
chromosomes somatic cells corresponding the haploid 
number the germ cells. 

Vom Rath’s observations the dog were made three 
weeks’ old animal. qualifies his remarks with the statement 
that owing the small size the chromosomes was able 
make only approximate enumeration. addition the 
variations the blood cells and the bladder found great 
variation the spleen, the bone marrow and the testis. 
considers the typical number, and points out that this 
number, together with the variations, multiple eight, 
which number also found, thus showing that the chromosomes 
may bivalent, quadrivalent, even polyvalent. The fact 
that frequently found multipolar mitoses seems indicate 
that his material may have been abnormal. 

The observations Winiwarter and Sainmont the cat are 
comparable those the former the rabbit. The probability 
here that there breaking the chromosomes the 
somatic cells. 

Vom Rath considers the chromosomes the somatic tissues 
Salamandra bivalent. However, his statement ich 

mit absoluter Sicherheit nur Schleifen (Aequator 24) 
gefunden”’ not clear. Rabl and Meves conclude that chromo- 
some pairs cannot distinguished the somatic cells. Della 
Valle, result finding chromosome number between 
and 27, considers the number variable and the chromosomes 
temporary and variable organizations chromatin, which 
appear the prophase and dissolve the telophase. The 
number the chromosomes simply the quotient the quantity 
the chromatin. 

Mack states that the number chromosomes the somatic 
cells Amblystoma agrees with the number the primary 
spermatocytes. Jenkinson merely states that his observations 
are not accord with those Fick and 

With reference Murray’s count chromosomes Lepido- 
siren Agar says (p. 5): ‘‘Murray gave the somatic number 
probably thirty-six, which near the right number could 
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expected arrived from the somatic mitoses with their 
long 

the Diptera Metz has reported that the somatic chromo- 
somes are closely paired together. the case Sarcophaga 
and Fucellia the groups and chromosomes represent 
multiple groups, and the arrangement the chromosomes 
tetrads rather than pairs. 

her paper Culex pipiens Miss Taylor takes detail 
the work Miss Stevens Culex pungens, and evidently 
unaware the fact that Miss Stevens published paper 
pipiens few years later. Miss Taylor considers the presence 
six chromosomes Miss Stevens’s material due pre- 
cocious splitting division the diploid number three. Miss 
Stevens described parasynapsis side-by-side union the 
chromosomes each cell generation. This Miss Taylor thinks 
may offer clue the conditions she found pipiens, namely 
that this species converted actual 
fusion, thus resulting the formation three out six chromo- 


She offers alternative the suggestion that one 
the pronuclei does not take part development. Her results 
are not entirely convincing, especially since she found stages 
many of.the somatic cells comparable synizesis stages 
spermatogenesis. seems show that perhaps her material 
was not the best. Metz has found that the method securing 
the preparations the testes employed Miss Taylor, namely 
that fixing either the whole large part the insect entire, 
results running together the chromosomes, 
which exactly the kind behavior that would cause pairs 
give the appearance single (p. agrees 
with Miss Stevens’s observations. 

the spermatogenesis the bee, according Meves, there 
reduction division. Nachtsheim considers the normal 
number. The chromosomes the are bivalent, 
likewise the which form the haploid number. Similarly 
haploid number chromosomes has been reported the 
spermatoctyes, which due this 
Here these also would bivalent. Though the reports 
several investigators tend show that the number chromo- 
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somes varies the bee, the number always eight multiple 
this. This agrees with Petrunkewitsch’s theory that the 
chromosomes, which found cells the blastoderm 
fertilized eggs, were due splitting quadrivalent chromo- 
somes. similar fragmentation appears characteristic 
parthenogenetic individuals, the drones. This also the 
case other Hymenoptera, Armbruster reported Osmia, 
and Granata 

Nematus Doncaster suggests that perhaps the chromosomes 
the germ cells ‘‘may compound and consist number 
smaller units which become separated somatic cells’’ (p. 107). 

The case Phragmatobia interesting since this form 
Seiler has demonstrated dimorphism the eggs with respect 
their chromosome content. female diploid complex 
composed and autosomes. The counts made 
the blastoderm developing eggs can analyzed follows: 
The complex due splitting two the large y-chromo- 
some, and from female. The complex with chromosomes 
also from female which the x-chromosome has split into 
four segments and the large y-chromosome has also split into 
two parts. The complex with chromosomes from male 
where the two x-chromosomes have each split into four seg- 
ments. striking explanation has absolutely nothing im- 
probable about it, since splitting the sex chromosomes the 
somatic nuclei has been observed quite (trans). 

Gryllus domesticus Gutherz found that the accessory chro- 
mosome absent the cells the soma. This can explained, 
ing that since the accessory chromosome does not participate 
the early stages development, does not make its appearance 
until later. these explanations, thinks, places the 
theory the individuality the chromosomes extremely 
delicate position. 

Robertson considers that the cells Acridium containing 
chromosomes are double cells with double sets cell organs. 
These may have been produced the fusion two cells 
the suppression cell division after nuclear division had 
taken place. 

Fide Buchner (Referate), Arch. Zellf., Bd. (1910). 
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Farmer and Moore not hold strictly the number 
chromosomes the cells the cockroach. Cells were found 
which differed one several chromosomes. 

Variation the number chromosomes Metapodius affects. 
only one class chromosomes, the Wilson 
considers the 22-chromosome type the typical. This type 
possesses unequal pair idiochromosomes. The 21-chromo- 
some type derived the disappearance the small idiochro- 
mosome. numbers above are due the presence one 
six supernumeraries. This variation the chromosome 
number chiefly between different individuals, for owing the 
irregular distribution these supernumeraries the maturation 
divisions the sperm cells, the number each sperm receives 
variable. Further variations may occur individual cells. 

The count Peripatus may due, according Mont- 
gomery, the fact that not all the chromosomes were con-: 
tained one section. This may also answer for the count 26. 
The count was made from two sections, and suggests. 
that possible that parts some chromosomes were both 
sections. this way some the chromosomes were counted 
twice. 

Krimmel finds that the somatic tissues Diaptomus the 
number the chromosomes varies between the reduced and the 
diploid number. This brought about fusion some 
all the chromosomes into tetrads, the chromosomes may 
appear bi-partite. wird hier wie bei den generativen 
Zellen daran denken diirfen, dass diesen Fallen die Einknick- 
nung oder scheinbare Querkerbe der der Reifungsperiode 
auftretenden Querkerbe entspricht, dass also das Zeichen der 
synthetischen Aneinanderfiigung zweier Chromosomen noch nicht. 
verschwunden (Krimmel, 790). 

Gerould says: Phascolosoma vulgare have uniformly 
found chromosomes the late cleavage and the gastrula 

addition the cells containing four chromosomes 
Ophryotrocha, Korschelt found eight chromosomes some the 
cells the blastula. believes that this number due 
transverse splitting the four chromosomes. Grégoire and 
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Deton, however, claim that eight and not four the normal and 
characteristic number. 

Angiostomum the chromosomes fragment the cells the 
soma. The chromosomes the sex cells are apparently bivalent. 

The chromosomes the somatic cells Ascaris are derived 
from fragmentation the compound chromosomes the sex 
cells. This fragmentation accompanied 
diminution.”’ 

Miss Stevens concluded the case Planaria that two inter- 
breeding forms were present. The pairing two individuals 
with different chromosome numbers would explain, she writes, 
the varying chromosome numbers she obtained. 

Wasserman and Grégoire have disputed the counts Gold- 
schmidt may that two different varieties 
have been concerned, one with chromosome complex 10, 
and the other with one more. 

considering the foregoing cases apparent that general 
the behavior the chromosomes the somatic cells can 
classified the manner stated the introduction this paper, 
namely that (1) the somatic and gonial chromosomes agree 
number and type, (2) the number the chromosomes the 
somatic cells higher than the germ cells, due splitting 
fragmentation, (3) multiple chromosome groups are produced 
the suppression cell division, and (4) there synapsis, 
more less permanent, all certain pairs chromosomes 
each cell generation. evident that there are numerous 
cases which are exceedingly perplexing, and which cannot 
classified the present time. 

The majority animals, particularly the insects, which 
group more work cytological nature has been done than 
perhaps any other, can included the first But 
even here the classification not sharp and distinct for many 
forms may show the same time the third type chromosome 


behavior one several tissues. This, however, does not 
seriously affect the main conclusion, and possibly con- 
sidered more than normal variation. 

When sufficiently detailed study shall have been made the 
somatic chromosomes where some all these are represented 
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the germ cells compound chromosomes, highly probable 
that the number the chromosomes will found the same 
all the somatic tissues. this type somatic chromosome 
behavior find two distinct cases, one where, Phragma- 
tobia, there only splitting one the most few 
chromosomes, and the other where all the chromosomes the 
germ cells are apparently compound, and each breaks into 
its component parts the somatic cells (Hymenoptera, Nema- 
toda, and perhaps some the vertebrates). 

The synapsis homologous pairs chromosomes somatic 
cells was described Miss Stevens the case 
number species the Diptera. This synapsis apparently 
took place the anaphase telophase and lasted until the 
metaphase the next division. Metz confirms 
this: ‘‘The Drosophilas offer some the most striking evidences 
the actual pairing chromosomes the diploid groups, thus 
far observed. The phenomenon apparently characteristic 
all Diptera, but nowhere striking this genus. But 
the most remarkable feature the whole study the discovery 
that the chromosomes not only exhibit close association 
pairs nearly all times, but that before every cell division the 
members each pair become intimately united that they may 
said actually conjugate. pair, with the possible 
exception the sex-chromosomes, goes through what amounts 
synapsis every cell generation, that many cases the 
figures closely resemble those the haploid groups. Apparently 
this takes place every prophase, but second conjugation may 
occur during metaphase, just short time before 
This latter statement qualifies his later paper saying that 
only occasional occurrence and not uniform stage 
chromosomal activities’’ this paper presents 
the results his study this chromosome pairing about 
species Diptera, where has found uniform occur- 


rence throughout the developmental history the individual. 


concludes that this paired arrangement the 
highest that the members the pair represent, one 
maternal and one paternal chromosome, and that this pairing 
shows that the chromosomes (forming pair) are qualitatively, 
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physico-chemically, similar. This latter idea further 
developed, and thinks that this assorting the chromosomes 
pairs demonstrates qualitative difference the pairs. 

The view that the chromosomes may the same number 
and type all the cells the body, that fragmentation 
transverse splitting the one hand, and fusion pairs the 
other hand may account for differences challenged number 
investigators, who believe that limited degree variation 
may really occur (Barratt, Gutherz, Farmer and Moore, Della 
Valle, Rabl, Meves, Foot and Strobell). there may varia- 
tion the number the chromosomes various cells the 
same individual, certainly not general occurrence, and 
really clear case has been presented. believe that variation 
number more often between individuals the same species 
than between cells tissues the same animal. Variations 
the size chromosomes are more difficult analysis, and more 
difficult demonstration. clear that the chromo- 
somes any cell maintain the typical size relations, that 
particular pairs can picked out with little trouble. The 
results Rabl and Meves are the reverse this. Foot and 
Strobell write: demonstrated 1905 that the form 
and relative size the chromosomes Allolobophora fetida are 
inconstant and every publication since that date have 
demonstrated variability form, relative size and behavior 
the chromosomes every form have studied, and have 
consistently argued that such variability attacks the very founda- 
tions upon which the popular chromosome speculations this 
decade have been 

Before many these questions can satisfactorily answered 
detailed study must made the chromosomes the somatic 
cells many more forms, especially where the somatic and gonial 
numbers not agree. Also thorough review must made 


the many apparently aberrant cases, which have been briefly 
considered here. 
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ASCARIS CANIS (WERNER) AND ASCARIS FELIS 
(GOZE). 


TAXONOMIC AND CYTOLOGICAL COMPARISON. 


ARTHUR WALTON. 


(From the Laboratory Northwestern University.) 


INTRODUCTION. 


Even to-day systematic helminthologists are not one opinion 
concerning the taxonomic relation the Ascaris found the 
dog the Ascaris found the cat. Thus Glaue 
after careful study hundreds individuals, maintains that 
they are two distinct and separate species; whereas two other 
workers, Schéppler and Kriiger declare quite emphati- 
cally that the differences between these two forms are not 
specific differences, but differences degree development 
only, and believe that these forms are merely varieties Ascaris 
mystax (Zeder). 1911 Edwards made cytological study 
Ascaris felis. The chromosomes number and form differed 
greatly from those described Marcus for Ascaris canis. 
Therefore upon cytological basis, Edwards declared canis 
and felis distinct species. Dr. Kornhauser, while 
examining the germ cells the Ascaris from the dog con- 
nection with the formation di-tetrads, was struck the 
dissimilarity between his material and that studied Marcus. 
communicating with Dr. Marcus, was found that had 
obtained his material from great variety mammals whiche 
died the Munich Gardens. the suggestion 
Dr. Kornhauser, the writer has made careful taxonomic and 
cytological comparison canis and felis. Taxonomically 
able substantiate the work Glaue; and cytologically, 
that Edwards; and prove that Marcus was not dealing 
with canis (Werner). 

here wish express thanks Dr. Kornhauser for his 
criticism work and the preparation this paper, and 
Dr. Chas. Zell, Chicago, for aid obtaining material. 
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MATERIAL AND METHODs. 


The material used was obtained from freshly killed dogs and 
cats. The worms were immediately removed from the intestine, 
placed normal salt solution and kept body temperature 
until they could fixed. The ovaries and testes were once 
stripped out glass plate and fixed. fluid and 
Flemming’s fluid (strong) were used fix the testes, and Pe- 
trunkevitch’s modification Gilson’s fluid was found the 
most satisfactory fixative for the ovaries. Sections the 
testes were made thickness; those the ovaries, 
thickness. general the material was stained 
modified method: dilute Dela- 
field’s hematoxylin being used the place per cent. aqueous 
solution hematoxylin after the mordant. This method gave 
better contrast between the chromatin matter and the yolk 
granules than could obtained the ordinary Heidenhain 
method. Orange and Bordeaux Red were used counter 
stains. 


TAXONOMIC COMPARISON CANIS AND 


Anatomical study one hundred specimens canis and 
fifty specimens felis gave the results shown the following 
table. The table the same time gives comparison the 
main points difference between the two forms. 


A. canis. A. felis. 

Length oral wing....... mm.......... mm. 
Cross-section, oral wing ...Chitinous rod, rod, broad and 

narrow. flat. 
Form tail male...... Gradual slope point. ventrad point. 
Postanal papillae......... ventral, dorsal pairs. ..3 ventral, dorsal pairs. 


From this comparison seen that cants longer than 
felis and has oral wing which lanceolate rather than 
cordate shape (Text-figs. and B). Cross-sections the 
oral wing show differences the shape and size the supporting 
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chitinous rods the two forms (Text-figs. Cand D). The num- 
ber and relative positions the postanal canis 


differ from those felis (Text-figs. and F). These results 
substantiate those recorded Glaue and and are 


Text-Fic. 


too constant and specific character classed variations 
the same species, claimed and Kriiger 
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the specimens examined the writer there were none the 
variations claimed the writers last mentioned, and therefore 
the present writer maintains upon morphological basis that the 
Ascaris the dog species distinct from the Ascaris the cat. 


SPERMATOGENESIS CANIS AND FELIS. 


the present article only very characteristic stages the 
spermatogenesis will considered. 


canis. 


The chromatin the spermatocytes nearing the end the 
growth period appears the form two irregular masses situ- 
ated peripherally the nucleus. One mass small and circular, 
whereas the other long and narrow, lying within the nuclear 
membrane and extending along half its circumference (Plate I., 
Fig. also plasmosome which loses its affinity for 
stains and disappears shortly after the formation the prophase 
chromosomes. The two chromatin masses early assume 
vacuolated appearance and become distinct chromosomes. 
From the larger chromatic mass are formed twelve large chromo- 
somes; and from the smaller karyosome are formed six small 
chromosomes, closely grouped. Thus find early that the 
haploid number chromosomes, eighteen, clearly defines itself. 
The group twelve large chromosomes retains peripheral 
position during the prophase, while the smaller group migrates 
early the central part the nucleus. 

The centrosome extranuclear origin sets the 
mitotic figure before the nuclear membrane disappears (Plate I., 
Fig. 2). The spindle fibers seem arise from the centrosome 
and push against the nuclear membrane, which often shows 
irregular indentations the region the centrosome. 

the metaphase the first spermatocyte division the chromo- 
somes are arranged the equatorial plate, with the group 
six chromosomes the middle and the twelve larger chromo- 
somes scattered more peripherally (Plate I., Fig. 3). From 
polar view these peripheral chromosomes all show distinct 
tetrad form. From lateral view, careful study reveals that 
the twelve large chromosomes also show tetrad form (Plate I., 
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Fig. 4), indicating that the chromosomes the first maturation 
spindle are really di-tetrads, octads, due the presence 
each the four components. The number 
chromosomes easily seen eighteen (Plate Fig. 3). 

The anaphase the first spermatocyte division shows that 
the group six small chromosomes lags behind (Plate I., Figs. 
5-7), and goes undivided thus constituting hetero- 
chromosome group the X-type, and the late anaphase this 
group goes one the daughter plates (Fig. 7); thus forming 
two types spermatocytes, one having eighteen and the other 
only twelve chromosomes. Polar views the telophases this 
division show that one plate receives half the autosome 
material and all the idiosome material, and that the other 
daughter plate receives only one half the autosome material 
(Plate I., Figs. and 8b). Sister second spermatocytes the 

metaphase show very clearly the difference the number 
chromosomes found the two types second spermatocytes 
(Plate I., Fig. 9). Lateral views the same stage show the size 
difference the equatorial plate (Plate I., Fig. 10a with 
chromosomes, Fig. with chromosomes). 

The second division the spermatocytes entirely regular, 
each spermatid receiving one half the amount chromatic 
material. lateral views the telophase the second divi- 
sion the daughter plates from eighteen chromosome second 
spermatocyte are larger than those from twelve chromosome 
second spermatocyte (Plate I., Figs. and 11b). Two types 
spermatids can recognized, those with larger nuclei and 
those with smaller nuclei. The chromosomes this stage have 
become diffused that they can longer distinguished 
individual bodies (Plate I., Fig. 12a, eighteen chromosomes; 
Fig. 12b, twelve chromosomes). 


felis. 


Polar views the metaphase plates the first spermatocyte 
division show nine tetrad chromosomes, one which asym- 
metrical and larger than any the remaining eight. This 
large tetrad composed two unequal parts, the larger com- 
ponent being large one the ordinary tetrads. The smaller 
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component about half the size the autosome tetrads. The 
first division transverse, and separates the unequal components 
the large tetrad, hexad, which doubtlessly classed 
some attached the end autosome tetrad. 

the first division the one daughter plate receives eight diad 
autosomes and the larger component the heterochromosome, 
and the other plate receives eight autosome diads and the smaller 
component the heterochromosome. The second spermatocyte 
division equational and entirely regular, each spermatid 
receiving nine chromosomes. there are two types second 
spermatocytes, there are also two types spermatids formed, 
one having nine chromosomes all the same size, and the other 
having nine chromosomes, one which larger than the other 
eight. 

These results agree with those obtained Edwards 
his work felis, and indicate that all probability the 
form studied the writer and Edwards are the same form 
Since the figures made from slides are all 
respects similar those published Edwards, was thought 
unnecessary reproduce them here. 


The present work shows canis different both morphologically 
and cytologically from felis. shows also that the Nema- 
todes worked upon Marcus were evidently not canis. 
Marcus did not offer any taxonomic evidence that was dealing 
with canis, this being merely another case which cytolo- 
gist has not given proper consideration the systematic standing 
his material. The spermatocytes the Nematodes described 
Marcus’s work contained twelve chromosomes, ten bivalents 
and two univalents, and heterochromosome group. errors 
observation can not account for such diversity, doubtless 
due differences material. 


SUMMARY. 


The following are the most important points brought out 
this study: 
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Material used same recognized European forms 
Ascaris canis (Werner) and Ascaris felis (Géze). 

canis shows chromosomes for the haploid number, 
di-tetrad autosomes and tetrad idiosomes. These tetrad 
idiosomes form heterosome group the X-type. 

There are two types second spermatocytes and spermatids 
found, one type having autosomes and idiosomes, the other 
type having but the autosomes. 

felis there are chromosomes the primary spermato- 
cytes, autosomes and one large heterochromosome composed 
unequal parts. This agreement with Edwards. 

canis and felis are morphologically and cytologically 
two different species, not varieties the same species. 

Chromosomes true canis not agree form num- 
ber with those described Marcus for his canis. 
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EXPLANATION PLATES. 


All figures were made with the aid camera lucida, magnification 
2,800 diameters; Spencer apochromatic objective mm., compensating ocular 
and projection distance 310 mm. 

Fic. first spermatocyte, showing formation chromosomes 
and separate grouping heterochromosomes. The plasmosome just above 
heterochromosome group. 

Late prophase, first spermatocyte, spindle formed but nuclear mem- 
brane still intact. 

Fic. Metaphase plate, first spermatocyte, showing heterochromosome 
group center; number chromosomes, 18. 

Metaphase plate, first spermatocyte, lateral view showing breaking 
down nuclear membrane. 

Fic. Early anaphase, first spermatocyte, optical section through equatorial 
plate, showing lagging heterochromosome group. 

Fic. Late anaphase, first spermatocyte, showing lagging heterochromosome 
group six components. 

Fic. Late anaphase, first spermatocyte, heterochromosome group going 
upper daughter cell, Central spindle degenerated. 

Fic. 8a. Polar view daughter plate first division receiving heterochromo- 
some group; number chromosomes, 18. 

Fic. 8b. Polar view daughter plate first division not receiving hetero- 
chromosome group; number chromosomes, 

Fic. Metaphase plates two sister second spermatocytes, which have 
not separated. One plate contains 18, the other chromosomes. 

10a. Metaphase plate, second spermatocyte, lateral view plate con- 
taining chromosomes, containing heterochromosome group and 
autosomes. 

Fic. 10b. Metaphase plate, second spermatocyte, lateral view plate con- 
taining chromosomes, lacking the heterochromosome group six. 

Fic. 11a. Telophase second spermatocyte division, having chromosomes. 

Fic. second spermatocyte division, having chromosomes. 

Fic. Spermatid having chromosomes. 

Fic. 12b. Spermatid having chromosomes. 
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THE OCCURRENCE PARASITE THE PIKE 
EUROPE, MYXIDIUM BUTSCHLI, 
THE PIKE THE AMERICAN CONTINENT 
AND ITS SIGNIFICANCE. 


JAMES MAVOR, 
UNIVERSITY WISCONSIN. 


PAGE 

the Significance the Occurrence Myxidium Lieberkiihni Both 


INTRODUCTION. 

previous paper (Mavor, the author has recorded 
the occurrence what believed Myxidium 
Biitschli the urinary bladder the Pike, Lucius lucius 
from the Georgian Bay. The parasite was then identified 
the basis the structure the plasmodial stage, and two spores 
which were all the author was able find that season the 
year, July. 

While searching for the parasite pike caught Lake 
Mendota, Wisconsin, May 1916, was able find abun- 
dant spores and stages the sporogenesis. material forms 
the basis the present paper. 


FINDINGS FRESH PREPARATIONS. 


The plasmodial stage was very abundant the urinary 
bladder. When this was examined the urine had been evacuated 
and what little remained upon being withdrawn with pipette 
held close the inner surface the bladder was filled with 
plasmodia. These with the exception few larger forms 
were almost uniformly spherical shape and ranged from 
diameter. Many these show areas their surfaces 
373 
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where tufts fine short pseudopodia come off, condition 
which was found even the smallest the pseudopodia, 
Fig. all the plasmodia clear differentiation into ecto- 
plasm and endoplasm could seen, but evidence the meso- 
plasm was not found, which was also the case the parasite 
recorded from the Georgian Bay (Mavor, 1916b). The yellowish 
globules indicated clear circles (Pl. I., Figs. showed 
their probably oily nature flowing together plasmodia which 
had remained the excised and decomposing urinary bladder 
for about hours. Crystals hematoid nature were 
rather rare occurrence and were found only the smaller plas- 
modia and these usually only those not containing spores. 

The spores occur the plasmodia pairs and lay that 
their concave surfaces are juxtaposition I., Figs. and 4). 
The shape the spores this species has been described 
Biitschli (1882), Thelohan (1895), Cohn (1896), and Mavor 
that spindle slightly curved that when 
viewed from the side I., Fig. 2), the spore appears crescent- 
shaped. The surface the spore marked with longitudinal 
striations converging toward the ends. The polar capsules are 
situated either end the spindle and each occupies rather 
less than one third the length the spore. the preparations 
studied the author, the polar filaments can easily seen 
within the capsules the fresh state spiral four five 
coils. They were extruded under the action concentrated 
sulphuric acid but remained the capsules when treated with 
solution iodine potassic iodide and when treated with 
ammonia water. The sporoplasm occupies the central portion 
the spore and contains two more highly refractive bodies 
thought nuclei. The average dimensions ten spores 
were found be: 
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FINDINGS STAINED PREPARATIONS. 


The material was fixed hot Schaudinn’s fluid and stained 
with either borax-carmine, Delafield’s hematoxylin, Giemsa’s 
stain. For the method used applying the latter see Mavor 

The myxosporidia were found contain nuclei two sizes; 
larger nuclei measuring diameter and smaller nuclei 
diameter. essential differences structure were 
observed these nuclei and difference could observed 
their reaction Giemsa’s stain was found the author 
the case the nuclei Ceratomyxa acadensis (Mavor, 1916a). 
There are two kinds granules evident preparations stained 
with Giemsa’s stain and they show the same reactions de- 
scribed the author his previous paper (Mavor, 

The sporogenesis follows its later stages the method de- 
scribed for Myxobolus pfeifferi Keysselitz (1908). The sporo- 
plasm the fully formed spore contains two nuclei. 


THE SIGNIFICANCE THE OCCURRENCE 
LIEBERKUHNI AMERICA. 


There can little doubt that the myxosporidia fishes are 
without intermediate host. Their life-cycle consists 
period spent the body the host-fish alternating with period 
during which the spores are free the water are passing 
unaffected through the digestive tract some other aquatic 
animal. There are three ways which their geographical dis- 
tribution may extended; (1) the spores may carried 
currents water, (2) the spores may carried the digestive 
tract aquatic animals, (3) all stages may carried the 
host-fish and accompany That the spores 
could carried from the fresh water one continent the 
fresh water another continent either the first two methods 
seems unlikely. would seem therefore probable that 
ium has followed its distribution the wanderings 
its host Lucius 

Lucius lucius very old species. Remains the common 
pike occur abundance quaternary deposits” (Gunther, 
1880, 624). Furthermore, not only the genus but the family, 
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known only from fresh water. pike, belong- 
ing the existing genus, have been found the fresh water 
chalk Oenigen and the diluvial marl (Gunther, 
1880, 624). 

then the distribution Myxidium lieberkiihni over both 
Europe and America dates from the time when Lucius lucius 
attained that distribution too must old species, and 
like its host have remained unmodified through long period. 

somewhat parallel condition found the Mallophaga, 
the insect parasites birds, very close relation exists 
between parasite and host. noted that 
practically all the cases the common occurrence Mallo- 
phagan species two more host-species, whether these host 
species are the same neighboring regions restricted 
different continents where this commonness cannot explained 
the possibility meeting and actual contact individuals 
the different host-species, the distinct host-species are closely 
allied, that is, are usually both the same genus. And 
believe that the explanation this condition that the Mallo- 
phagan species has persisted unchanged two more diverging 
host-species from their common ancestor. ancient times, 
geographical races arose within the limits the ancestral host- 
species; these races varieties have now come distinct 
species, distinguished superficial differences color and mark- 
ings plumage, etc. But the parasites the ancient hosts 
have remained unchanged; the plumage food, the tempera- 
ture the body, practically the whole environment the 
insects, have remained the same; there has been external 
factor work tending modify the parasitic species, and 
exists today its ancient form, common the newly arisen 
descendants the ancient (Vernon Kellogg, 1908, 3). 
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EXPLANATION PLATE, 


lieberkiihni Butschli from the urinary bladder Lucius lucius. All 
drawings made with the camera lucida from fresh preparations the urine. 

Fic. stage showing fine pseudopodia for attachment bladder 
wall. 

Fic. Two spores arranged pansporoblast. 4,000. 

Fic. Small plasmodial stage showing hematoidin crystal. 

Fic. Plasmodial stage showing two pansporoblasts each containing two 
spores. 

Fic. Single spore showing sporoplasm and polar filaments. 4,000. 
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